senescent processes and its dynamics (Droillard et al., 1987; Hodges and Forney, 2000; Philosoph-Hadas et al., 1994) .
Plants contain complements of enzymic and nonenzymic antioxidants which play a role in regulating levels of AOS such as O 2 -, H 2 O 2 , the hydroxyl radical (•OH), and singlet oxygen ( 1 O 2 ). These antioxidants include the enzymes ascorbate peroxidase (ASPX; EC 1.11.1.11), catalase (CAT; EC 1.11.1.6), and superoxide dismutase (SOD; EC 1.15.1.1), water soluble compounds such as ascorbate, gluathione, and phenolic components, and lipid-soluble compounds such as the carotenoids and tocopherols. SOD dismutates O 2 -to H 2 O 2 , which is further reduced to H 2 O by CAT in the peroxisomes and by peroxidases such as ASPX in the cytosol and chloroplasts through concomitant oxidation of ascorbate. Both ascorbate and glutathione can also react directly with and scavenge certain AOS (Foyer et al., 1994; Hodges, 2001) .
As involvement of AOS in leaf senescence has been well established, it is not surprising that relations between leaf oxidative and antioxidative potentials have been implicated in the dynamics of senescence (Hodges and Forney 2000; Kunert and Ederer, 1985) . Philosoph-Hadas et al. (1994) and Meir et al. (1995) provide evidence that general leaf reductant levels are negatively correlated with the rate of senescence for a number of herbaceous species. Hodges and Forney (2000) demonstrated that levels of ASPX, CAT, and ascorbate play influential roles in the dynamics and severity of senescence in detached spinach (Spinacia oleracea L.) leaves, suggesting that regulation of H 2 O 2 is an important factor in the process of senescence. Although H 2 O 2 itself is not particularly toxic, and can act as a signal molecule in plant responses to both abiotic and biotic stresses , it can react with O 2 -in the metal-catalyzed Haber-Weiss reaction to form the very potent oxidizer •OH Senescence refers to the genetically regulated process leading to death of cells, organs, or whole organisms, and is often accompanied in plants by morphological changes and/or alterations in biochemical and biophysical properties of cellular metabolism. Leaf senescence in particular may involve degradation of proteins, chlorophyll (Hodges and Forney, 2000) , nucleic acids (Buchanan-Wollaston, 1997), and/or membranes (Trippi and Thimann, 1983) . Physical detachment of leaves has been demonstrated to promote or accelerate symptoms of early leaf senescence (Bartoli et al., 1996; Philosoph-Hadas et al., 1991) .
Although active oxygen species such as superoxide (O 2 -) and hydrogen peroxide (H 2 O 2 ) are normal by-products of cellular metabolism, if their production exceeds their scavenging potential (i.e., oxidative stress) they may play important roles in peroxidation of essential phospholipids and in both nucleic acid and protein denaturation (Hodges, 2001) . Increased proliferation of active oxygen species (AOS) within plant systems is apparently a common denominator of many types of stresses (Foyer et al., 1994) . AOS have also been implicated in induced or natural (Salin, 1988) . Thus detoxification of H 2 O 2 is extremely important in regulating levels of other AOS within plant systems (Hodges, 2001; Hodges et al., 1997a Hodges et al., , 1997b .
Many studies have attempted to correlate antioxidant capacities with tolerance to stresses such as chilling temperatures (Schöner and Krause, 1990) , exposure to ozone (Ranieri et al., 1996) , ultraviolet irradiance (Rao et al., 1996) , salt (Olmos et al., 1994) , and drought (Li et al., 1998) . Although many of these investigations examined antioxidant capacities of sensitive and tolerant plants in relation to stress responses, only a few of these studies (e.g., Gossett et al., 1994; Hakam and Simon, 1996; Hodges et al., 1996) compared antioxidant levels between sensitive and tolerant plants of the same species. The objective of the present study was to assess responses of certain antioxidants in detached leaves of two cultivars of spinach differing in senescence rates in order to explore the significance of these antioxidants in senescence regulation and dynamics.
Materials and Methods
PLANT MATERIAL. The storage potential of 10 cultivars of spinach was initially evaluated from tissue produced under both field and laboratory conditions. The 10 cultivars examined were: Unipack 12, Unipack 151, Samish, BJ 412 Sponsor, BJ Spectrum F1, BJ Spindrift F1, Space F1, Rushmore, St. Helens, and Spokane F1. Seeds of 'Samish', 'Rushmore' and 'St. Helens' were obtained from Chriseed (Mount Vernon, Wash.) while 'Space F1', 'Spectrum F1', 'Spindrift F1', 'Spokane F1' and 'BJ 412 Sponsor' were obtained from Bejo (Warmenhuizen, Holland, The Netherlands). 'Unipack 12' and 'Unipack 151' were obtained from Peto Seeds (Saticoy, Calif.).
FIELD EVALUATION. Three replicates of 25 seeds per cultivar were field sown (TUO84>OSW84; friable fine sandy glaciofuvial sediment) in Canning (lat. 45°10'N, long. 64°63'W), Nova Scotia, on 4 June 1998 and again at the same location on 15 July 1998. Seeds were hand-planted at a depth of 2.5 cm in rows 3 m long and 30 cm apart in a randomized complete block design. This first planting was harvested on 22 July 1998 and the second on 1 September 1998. On each harvest date all tissue except for the bottom four leaves was removed from the plants. The leaves were then submerged in a 1.5°C water bath for 6 min, followed immediately by removal of excess water. Tissue was either analyzed immediately (day 0) or stored as described below.
LABORATORY EVALUATION. The spinach cultivars (60 seeds/ cultivar) were sown 1.5 cm deep in potting soil (3 peatmoss : 2 perlite : 2 sand), three seeds per 60-cm 3 standard pot. Pots were placed in a growth chamber (Econaire GR36; Econaire, Winnipeg, Manitoba, Canada) maintained at 18 °C and 95% relative humidity (RH) with a photocycle of 10:14 L:D. The lamps (cool-white fluorescent) provided a photosynthetic photon flux density of 400 to 450 µmol·m -2 ·s -1 15 cm above soil level (LI-188B quantum sensor; LI-COR, Lincoln, Nebr.) Plants were routinely watered and fertilized twice weekly with water-soluble 15N-15P 2 O 5 -18K 2 O (Plant Products, Brampton, Ontario, Canada) as per directions. Spinach was grown for 45 d and then all leaves except for the four oldest were harvested. As with the field experiment, the leaves were submerged in a 1.5 °C water bath for 6 min, followed immediately by removal of excess water. Tissue was either analyzed immediately (day 0) or stored as described below. This experiment was conducted twice.
STORAGE CONDITIONS. The 300 g fresh weight (FW) samples of harvested spinach leaves were placed in perforated plastic bags. Bags were then sealed and placed in a chamber (Econaire GR 100) maintained without light at 10 °C and with a RH ≥95%. Samples to be analyzed for cultivar evaluation were removed from storage on days 0, 5, 8, 12, and 15. Fresh tissue was used immediately for all malondialdehyde (MDA) and electrolyte leakage assays whereas samples were frozen and stored (-40 °C) for later analyses of chlorophyll.
LABORATORY GROWTH. After identifying cultivars 'BJ412 Sponsor' and 'Spokane F1' as exhibiting good and poor storage potential, respectively, based on MDA, chlorophyll, and electrolyte leakage profiles, both cultivars were grown, harvested, and stored under controlled laboratory conditions for antioxidant evaluation as described above with the exception that tissue was removed from storage on days 0, 4, 8, 12, 16, and 20. Fresh tissue was used immediately for all MDA and antioxidant enzyme assays whereas frozen samples were stored for later analyses of antioxidant compounds.
LIPID PEROXIDATION AND CHLOROPHYLL ANALYSES. Estimates of lipid peroxidation were assessed spectrophotometrically in 7.5 to 10 g FW samples of spinach tissue using a modified thiobarbituric acidmalondialdehyde (TBA-MDA) assay (Hodges et al., 1999) which corrects for compounds other than the TBA-MDAs adduct which absorb at 532 nm. Chlorophyll was determined in 7.5 to 10 g FW samples of spinach leaves as described by Wintermans and De Mots (1965) .
ELECTROLYTE LEAKAGE. Electrolyte leakage was estimated from electrical conductivity using a modified method of Kuo and Parkin (1989) . Three replicates of eight leaf discs 2 cm in diameter were removed from each cultivar and placed into 50 mL test tubes containing 35 mL of 0.4 M mannitol in deionized water. The samples were equilibrated for 1 h in a 24 °C circulating water bath. Initial electrical conductivity following the 1 h incubation was read using a conductivity meter (DsPH-3; Presto-Tek, Los Angeles, Calif.). Samples were then frozen for 24 h and electrical conductivity read to provide a 100% electrical conductivity reading. Electrolyte leakage was calculated as a percentage of total electrical conductivity recorded after 1 h.
ANTIOXIDANT ENZYME ANALYSES. Enzyme extracts were prepared by homogenizing spinach leaves (7.5 to 10 g FW) in a prechilled mortar and pestle nestled in ice along with 0.5 g inert sand, 0.5 g polyvinylpolypyrrolidone, and 30 mL chilled extraction buffer consisting of 100 mM potassium phosphate buffer (pH 7.5), 1.0 mM EDTA, and 1.0 mM ascorbate added just before use. The extraction buffer used for the SOD assays lacked ascorbate. Extracts were then centrifuged (Sorvall RC-5C plus; Dupont Instruments) at 10,000 g n for 15 min at 2 °C and the supernatants analyzed. For SOD assays, the supernatants were immediately depleted of low-molecularweight compounds by passage through a minicolumn (Sephadex G25 PD-10; Pharmacia Biotech, Uppsala, Sweden) preequilibrated with the extraction buffer. Enzyme assays were conducted immediately following extraction.
All enzymes were assessed spectrophotometrically at 25 °C on an Ultraspec 3000 (Pharmacia Biotech) equipped with an Endocal RTE-5B (Neslab, Portsmouth, N.H.) water bath for calibrated temperature control.
ASPX was determined using a method described by Nakano and Asada (1987) . The assay mixture contained 90 mM potassium phosphate buffer (pH 7.0), 0.1 mM EDTA, 0.65 mM ascorbate, and 1.0 mM H 2 O 2. The reaction was initiated with the addition of approximately 40 µg extract protein. Activity was determined by following the H 2 O 2 -dependent decomposition of ascorbate at 290 nm.
CAT activity was assayed in a reaction mixture containing 100 mM potassium phosphate buffer (pH 6.5), 1.0 mM EDTA, 60.0 mM H 2 O 2, and ≈40 µg extract protein following a protocol of Aebi (1983) . Activity was determined by following the decomposition of H 2 O 2 at 240 nm.
SOD activity was determined according to McCord and Fridovich (1969) as modified by Hodges et al. (1997a) . The reaction mixture consisted of 65.0 mM potassium phosphate (pH 7.5), 0.01 mM EDTA, 0.5 mM xanthine, 0.13 mM cyctochrome c, and 0.025 units xanthine oxidase (units as defined by Sigma Chem., St. Louis, Mo.). Activity was determined by monitoring inhibition of the reduction rate of cyctochrome c between reaction mixtures with and without protein extract (up to 200 µg protein) at 500 nm.
Protein concentration was determined spectrophotometrically at 595 nm using the Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad Laboratories, Hercules, Calif.; catalogue no. 500-0006) using a method based on Bradford (1976) . Bovine gamma-globulin (0.25 to 1.4 mg·mL -1 ) was used as a standard reference. ANTIOXIDANT COMPOUND ANALYSES. Reduced ascorbate (AsA), oxidized ascorbate (DAsA), and total ascorbate (AsA + DAsA) were determined spectrophotometrically according to Law et al. (1983) as modified by Hodges et al. (1996) . Over ice, 7.5 to 10 g FW of spinach tissue was homogenized with 0.5 g inert sand and 15 mL of ice-cold freshly prepared 5% (w/v) m-phosphoric acid with a mortar and pestle. The homogenate was centrifuged at 10,000 g n for 15 min at 2 °C. Total ascorbate was determined by incubating at 25°C
for 50 min in a 700 µL total volume 100 µL supernatant, 110 mM KH 2 PO 4 , 3.6 mM EDTA, and 1.5 mM dithiothreitol (DTT) to reduce all DAsA to AsA. After incubation, 100 µL of 0.5% (w/v) Nethylmaleimide (NEM) was added to remove excess DTT. AsA was treated in a similar manner except that 200 µL deionized H 2 O was substituted for DTT and NEM. Color was developed in both series of reaction mixtures (total and reduced ascorbate) with the addition of 400 L 10 % (w/v) TCA, 400 µL 44% o-phosphoric acid, 400 µL of 65 mM α-α 1 -dipyridyl in 70% ethanol, and 200 µL 110 mM FeCl 3 . The reaction mixtures were then incubated at 40 °C for 1 h in a shaking water bath (Julabo Labortechnik, Seelbach, Germany) and quantified at 525 nm. AsA and DAsA standards were between 0 and 5 mM in 5 % (w/v) m-phosphoric acid. For each sample, DAsA was estimated from the difference between total ascorbate and AsA.
Total glutathione, reduced glutathione (GSH), and oxidized glutathione (GSSG) were determined spectrophotometrically following Griffith (1980) as modified by Hodges et al. (1996) . Over ice, 7.5 to 10 g FW spinach tissue was homogenized in a mortar and pestle along with 0.5 g inert sand and 15 mL of ice-cold freshly made 5% (w/v) 5-sulfosalicylic acid. The homogenate was centrifuged at 10,000 g n at 2 °C for 15 min. Two solutions were then prepared. Solution A (pH 7.2) consisted of 100 mM Na 2 HPO 4 •7H 2 O, 40 mM NaH 2 PO 4 •H 2 O, 15 mM EDTA, 1.8 mM 5,5'-dithiobis-(2-nitrobenzoic acid), and 0.04% (w/v) BSA. Solution B (pH 7.2) consisted of 1.0 mM EDTA, 50 mM imidazole, 0.2% (w/v) BSA, and 2 unit/mL glutathione reductase (units as defined by Sigma Chem.). Total glutathione was measured in a reaction mixture consisting of 400 µL solution A, 320 µL of solution B, 400 µL of a 1:25 dilution of supernatant in 0.5 M KH 2 PO 4 (pH 7.0), and 80 µL of 3.0 mM NAPDH. The reaction rate was measured by following the change in absorbance at 412 nm for 5 min. GSSG was analyzed in a similar manner except that 1.0 mL of 1:10 diluted supernatant in 0.5 M KH 2 PO 4 (pH 6.5) was first incubated with 20 µL 2-vinylpyridine at 25 °C for 1 h to derivatize GSH. GSH and GSSG standards were between 0 and 18 µM in 5 % (w/v) 5-sulfosalicylic acid diluted appropriately with 0.5 M KH 2 PO 4 (pH 7.0). For each sample, GSH was estimated from the difference between total glutathione and GSSG. STATISTICAL ANALYSES. All antioxidant enzyme, antioxidant compound, TBA-MDA, and chlorophyll results were based on at least three readings each of three samples from all harvests. Electrolyte leakage experiment results were from one reading each of three samples per harvest Harvests were conducted twice for the cultivar selection (10 cultivars) and metabolite analyses (two cultivars) experiments. Effects of cultivar, harvest, and storage were analyzed using a completely randomized design. Data were subjected to analysis of variance procedures and least significant difference (LSD) values were calculated using Genstat (release 4.1) software (Genstat 5 Committee, 1997). Unless otherwise noted, only results significantly different at P ≤ 0.05 are discussed.
Results

CULTIVAR SELECTION.
Results of the field and growth chamber selection trials are shown in Figs. 1-3 . Harvested leaves of only two cultivars, 'BJ 412 Sponsor' and 'Spokane F1', hereafter referred to as Sponsor and Spokane, respectively, exhibited consistent relatively slow and fast senescence rates, respectively, based on the indicators MDA level, chlorophyll loss, and electrolyte leakage. Data from the other eight cultivars are not presented.
Lipid peroxidation levels, as assessed by MDA, increased in both Sponsor and Spokane after 8 d, although Spokane demonstrated a more rapid increase in the field after day 15 and on day 12 in the laboratory trials (Fig. 1) . However, there were no differences in MDA levels between field-grown Sponsor and Spokane until 15 d after detachment, at which point Spokane exhibited more peroxidation. Similarly, no differences in MDA levels between lab- grown Sponsor and Spokane were noted before day 12, after which Spokane displayed higher levels. Both field and laboratory grown leaves of Sponsor and Spokane exhibited a loss in total chlorophyll levels over time (Fig. 2) . This loss was more rapid in Spokane than in Sponsor.
Electrolyte leakage, as measured by conductance, increased after day 12 in both field-and laboratory-grown cultivars (Fig. 3) . Electrolyte leakage of Spokane was not different from Sponsor following the 15 d postdetachment period for leaves produced in the growth chamber, although it increased marginally in leaves of Spokane relative to Sponsor after day 12 in the field-grown cultivars.
ANTIOXIDANT AND MDA ANALYSES. As with the growth chamber cultivar selection test, MDA levels in detached leaves of both Sponsor and Spokane increased 8 d following detachment (data not presented). No differences in MDA levels between lab-grown Sponsor and Spokane were noted before day 16, after which Spokane displayed higher levels than Sponsor.
Although there were no differences in ASPX activities between Sponsor and Spokane leaves over the entire 20-d postdetachment period, ASPX activity of Spokane declined significantly after day 8 compared with initial levels, whereas ASPX activity of Sponsor remained essentially unchanged following detachment (Fig. 4A ). There were no noted differences in activities of CAT between Sponsor and Spokane leaves over the 20-d postdetachment period, nor did they change from day 0 values for either cultivar (Fig. 4B) . However, a trend of increasing CAT activity with storage was apparent. Leaves of Spokane exhibited a steady increase in SOD activity which became significant after 12 d and then remained relatively constant during the remainder of the storage period (Fig.  4C) . In contrast, SOD activity in Sponsor increased for 8 d and then began to decline on day 12. These divergent patterns of change resulted in SOD activity of Spokane being significantly higher than that of Sponsor on day 20.
Total leaf ascorbate declined 8 d and 12 d following detachment in Sponsor and Spokane, respectively (Fig. 5A) . The slightly higher level of total ascorbate in detached Spokane as compared to Sponsor noted at the time of harvest was maintained throughout the storage period. Similarly, oxidized:reduced ascorbate (DAsA:AsA) values only decreased following detachment in Sponsor leaves, though no differences were noted in these ratios between Sponsor and Spokane following detachment (Fig. 5B) .
There was no change in total glutathione between Sponsor or Spokane following leaf detachment (Fig. 5C ). Although total glutathione in Sponsor remained unchanged during storage, it increased after day 8 for Spokane. Reduced:oxidized glutathione (GSH:GSSG) ratios of Spokane leaves increased after day 16, and more dramatically so for Spokane after day 12 (Fig. 5D ). Leaf GSH:GSSG levels were higher in Spokane than Sponsor leaves on day 20.
Discussion
Levels of MDA, a secondary end product of polyunsaturated fatty acid oxidation, are indicative of the degree of plant oxidative stress (Hodges et al., 1999) , while decreases in chlorophyll concentration as thylakoid proteolipids are mobilized and the rate of Spokane stored at 10 °C in the dark with RH ≥95%. Plants were grown initially in the field or in a growth chamber. Symbols represent means and of six independent replicate samples from two harvests. Fig. 3 . Changes in electrolyte leakage over time in detached leaves of Sponsor and Spokane stored at 10 °C in the dark with RH ≥95%. Plants were grown initially in the field or in a growth chamber. Symbols represent means and of six independent replicate samples from two harvests.
photosynthesis declines often serve to gauge the extent of induced or natural senescence (Hodges and Forney, 2000; Meir et al., 1995) . Electrolyte leakage, while providing an estimate of the scale of membrane permeability (Lyons et al., 1979; Wismer et al., 1998) , also provides an indication of senescence-related loss of lipid/ membrane integrity. Recording changes in MDA and chlorophyll contents and electrolyte leakage during postharvest storage of spinach leaves of the 10 cultivars allowed for identification and selection of two cultivars which differed in their senescence rates. Although Sponsor and Spokane began to experience senescence 8 to 12 d after detachment, as evidenced by significant increases in MDA levels and electrolyte leakage, Spokane F1 exhibited a higher rate of senescence than Sponsor both in the field and in laboratory growth chambers. Moreover, postdetachment chlorophyll loss occurred more rapidly in Spokane leaves as compared to those of Sponsor.
AOS have been implicated in induced or natural senescent processes (Hodges and Forney, 2000; Thompson et al., 1991) . Reduced membrane integrity, as indicated by increased electrolyte leakage, is a common phenomenon in plant senescence (Thompson, 1984) . Subsequent effects of disruptions in membrane integrity on organellar stability can lead to enhanced production of AOS through unregulated electron transport reactions. Moreover, AOS can cause deesterification of lipids, resulting in increased levels of polyunsaturated fatty acids. These polyunsaturated fatty acids can become peroxidized directly by AOS in chain-style reactions or can act as the substrate of lipoxygenase to form hydroperoxy conjugated dienes (Hildebrand, 1989) . Not only are AOS such as 1 O 2 and O 2 -released as by-products of lipoxygenase activity (Chamulitrat et al., 1991; Kanofsky and Axelrod, 1986) , but fatty acid hydroperoxides can also directly promote AOS accumulation; for example, they can react with Fe +2 to form •OH. Peroxidized polyunsaturated fatty acids can also act as ionophores, admitting extracellular Ca +2 , which in turn may induce/enhance activities of calmodulin-mediated lipases (Thompson et al., 1991) , which function to de-esterify phospholipids, producing more substrate for lipoxygenases. A cycle of membrane degradation, loss of membrane integrity, AOS generation, and exacerbated senescence results. Spokane, while having a higher rate of lipid peroxidation accumulation during postharvest storage, also exhibited a significant decline in ASPX activity, which converts H 2 O 2 to H 2 O with concomitant oxidation of ascorbate. Less production of DAsA through decreased ASPX activity may have accounted for the relative stability of the DAsA:AsA values observed in detached leaves of Spokane. As SOD acts primarily to dismutate O 2 -to H 2 O 2 , the gradual increase in SOD activity observed in Spokane leaves after detachment, while enhancing O 2 -scavenging, may have acted in concert with decreasing ASPX and total ascorbate in augmenting cellular H 2 O 2 levels. This agrees with similar results in detached and stored leaves of another spinach cultivar (Hodges and Forney, 2000) , which suggested that declines in ASPX and ascorbate signified that regulation of H 2 O 2 played an important role in both the dynamics and severity of senescence. Hydrogen peroxide, although not in itself very toxic, can be detrimental to plant metabolism through such actions as its reaction with O 2 -in the metal-catalyzed Haber-Weiss reaction to form the very potent oxidizer •OH (Salin, 1988) . Detoxification of H 2 O 2 is extremely important in regulating levels of AOS within plant systems.
Leaves of Sponsor, the cultivar exhibiting less lipid peroxidation than Spokane during postharvest storage, demonstrated a slightly more rapid loss in total ascorbate. The DAsA:AsA values also declined in this cultivar over storage, unlike in Spokane. Moreover, total glutathione did not increase in Sponsor leaves after detachment as observed in Spokane, and the GSH:GSSG ratios did not rise to the degree displayed by Spokane. Although ASPX activity did not decrease in this cultivar as it did in Spokane, it is not certain whether maintenance of this enzyme's activities prevented MDA accumulation that was observed in Spokane. Compared with Sponsor, it is quite possible that AOS production in Spokane was inherently greater, leading to a demonstrable increased rate of senescence. It is also possible that decreased ASPX activities shortly after detachment predisposed Spokane for later increased cellular AOS generation. DAsA:AsA and GSH:GSSG results do not suggest that capacities of other antioxidant enzymes such as dehydroascorbate reductase or glutathione reductase were affected in Spokane, but the possibility remains that other antioxidant compounds such as the carotenoids and/or tocopherols may have played a role in the more rapid onset of senescence in this cultivar as compared with Sponsor.
Oxidative stress can induce or enhance plant antioxidant levels. Although this has been shown primarily for plants exposed to suboptimal conditions (Foyer et al., 1994; Hodges, 2001; Hodges et al., 1997a) , few studies provide evidence for enhancement of antioxidants during leaf senescence (Kingston-Smith et al., 1997) . Our study has demonstrated that detached spinach leaves have the ability to elevate SOD activities, as well as levels of glutathione. Moreover, although CAT activities did not increase significantly over storage, this trend was certainly apparent. Foyer et al. (1997) suggest H 2 O 2 plays a crucial role in mediating stress responses through signal transduction, leading to appropriate responses in cellular defence systems. The decline of ASPX in Spokane leaves may have enhanced H 2 O 2 levels, stimulating both SOD activities and glutathione levels 8 d after detachment.
The present study has shown that two cultivars of spinach differing in their postharvest senescence rates exhibit differences in their antioxidant dynamics. Results support earlier work with spinach (Hodges and Forney, 2000) which implied that H 2 O 2 regulation may play a critical role in the onset and dynamics of senescence. The process of detachment itself may have induced leaf senescence through such processes as reduced mineral nutrient availability and water loss, and future research designed to separate the direct effects of detachment from antioxidant flux in senescing leaves will be undertaken as well as efforts to elucidate H 2 O 2 -generation mechanisms associated with senescence.
